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SUMMARY  ~ 

A  mutagenized  clone  of  Rift  Valley  fever  virus  (rvfv; 
MV  PI 2)  used  in  inoculation  of  3  pregnant  ewes  was  im¬ 
munogenic,  nonpathogenic,  and  nonabortogenic.  In  con¬ 
trast,  inoculation  of  a  matched  group  of  3  pregnant  ewes 
with  parent  rvfv  induced  clinical  disease  and  abortions. 
Ewes  given  MV  PI 2  delivered  healthy  lambs  that  had 
rvfv  antibody  titers  of  <  1:10  at  birth,  increasing  to  a 
1:80  after  ingestion  of  colostrum.  Ewes  inoculated  with 
parent  rvfv  developed  marked  viremia,  followed  by  rvfv 
antibody  titers  a  1:1,280;  ewes  inoculated  with  MV  P12 
developed  low  viremia  titers  and  rvfv  antibody  titers  of 
1:80  to  1:320.  Postpartum  challenge  exposure  of  the  pre¬ 
viously  MV  P12-inoculated  ewes  with  virulent  Zagazig 
human  501  strain  RVFV  indicated  that  the  ewes  were  pro¬ 
tected  from  clinical  disease.  The  RVFV-susceptible  female 
Culex  pipiens  that  fed  on  the  MV  P12-inoculated  ewes 
failed  to  transmit  rvfv  to  hamsters;  mosquitoes  that  fed 
on  the  parent  RVFV-inoculated  ewes  became  infected  and 
transmitted  rvfv  to  hamsters. 


Rift  Valley  fever  ( RVF)  is  an  acute,  arthropod -borne, 
viral  disease  of  sheep,  cattle,  and  goats. '■*  Infected  ani¬ 
mals  develop  high  viremia  titers,  virtually  all  pregnant 
animals  abort,  and  mortality  approaches  100%  in  neo¬ 
nates.  Human  beings  also  are  susceptible  to  rvf  virus 
(rvfv)  infection  via  the  bite  of  infected  mosquitoes  and 
exposure  to  aerosols  or  infected  tissues.  Human  infection 
is  usually  a  self-limiting,  acute  febrile  illness,  sometimes 
complicated  by  hemorrhagic  fever,  encephalitis,  and  ret¬ 
inal  lesions.’  Human  beings  that  develop  hemorrhagic 
syndrome  have  high  mortalities. M 

Before  the  Egyptian  epizootic  in  1977,  rvf  was  thought 
to  be  confined  to  sub-Saharan  Africa.  The  Egyptian  epi¬ 
zootic  revealed  that  rvfv  can  be  spread  beyond  its  tra¬ 
ditional  range  and  has  the  potential  for  global 
transmission. '  Because  of  the  zoonotic  potential  of  the 
virus  and  the  severe  economic  impact  of  rvf  on  domestic 
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livestock  production,  immunization  of  domestic  animals 
in  enzootic  areas,  as  well  as  in  adjacent  areas,  is  desirable 
to  limit  spread  of  the  disease.6  The  existing  Smithburn 
mouse-adapted  vaccine  strain  is  efficacious,  but  may  cause 
fetal  anomalies  and  has  shown  changes  in  mouse  viru¬ 
lence  under  certain  circumstances. 7  !) 

Serial  mutagenesis  may  be  an  alternative  to  the  con¬ 
ventional  approach  of  serial  passage  in  cell  culture  or 
animals  to  produce  attenuated  virus  vaccines.'"  "  Prop¬ 
agation  of  vesicular  stomatitis  virus  in  the  presence  of  a 
chemical  mutagen  has  produced  a  virus  with  decreased 
virulence  for  mice.1"  Furthermore,  serial  mutagenesis  of 
rvfv  strain  Zagazig  human  (ZH 1-548  resulted  in  pro¬ 
gressive  attenuation  for  mice.  A  similar  attempt  to  at¬ 
tenuate  the  ZH-501  strain  was  not  successful."  The 
purposes  of  the  present  report  were  to  determine  the 
pathogenicity  and  immunogenicity  of  the  mutagenized  ZH- 
548  strain  rvfv  (MV  P12)  in  pregnant  sheep  and  to  as¬ 
sess  the  capability  of  RVFV  to  induce  immunologic  pro¬ 
tection  against  a  virulent  strain  of  RVFV. 

Materials  and  Methods 

Ewes— Six  healthy,  crossbred  ewes  in  the  second  third  of 
pregnancy  were  obtained  from  a  local  flock.  Ewes  were  sero¬ 
negative  to  rvfv  by  plaque-reduction  neutralization  assay. 

Viruses • — The  Egyptian  ZH-548  strain  of  rvfv  was  isolated 
from  the  serum  of  a  human  being  with  nonfatal  rvf  in  1977. 
The  virus  had  been  passaged  twice  in  suckling  mouse  brain. 
Virus  was  propagated  once  in  DBS-103  fetal  rhesus  lung  cells 
and  then  in  MRC-5  human  diploid  fibroblast  cells  grown  in 
Eagle’s  minimum  essential  medium  supplemented  with  10%  heat- 
inactivated  fetal  bovine  serum  (heated  at  56  C  for  30  minutes), 
1%  i,-glutamine,  and  0.1%  gentamicin.  For  mutagenesis,  rvfv 
was  grown  in  the  presence  of  5-fluorouracil  (5-fij).  The  method 
of  virus  cloning  and  serial  mutageneses  has  been  reported." 

Monolayers  of  MRC-5  cells  were  inoculated  with  the  uncloned 
ZH-548  strain  of  rvfv,  adsorbed  for  1  hour,  and  washed  re¬ 
peatedly  with  growth  medium.  New  growth  medium  containing 
5-fu  (200  pg/ml)  was  added,  and  cells  were  incubated  at  37.5 
C  in  a  5%  CO,,  atmosphere.  Nonadsorbed  virus  was  removed  3 
to  4  hours  after  inoculation  by  replacing  the  medium  with  fresh 
growth  medium  containing  the  same  concentration  of  5-fu.  After 
incubation  for  an  additional  45  to  65  hours,  culture  superna¬ 
tants  were  harvested  and  titrated  by  plaque  assay  in  MRC-5 
cells.  The  2  largest  well-separated  plaques  from  each  titration 
were  picked,  and  each  was  suspended  in  0,5  ml  of  growth  me¬ 
dium.  Virus  from  each  suspension  was  grown  in  MRC-5  cells, 
usi.i^  growth  mpdium  that  lacked  5-fu.  Infected  ce’l 
tants  were  harvested  at  48  to  72  hours  after  inoculation,  clar- 
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TABLE  1 — Experimental  design:  group  allocation, 
treatment,  and  pregnancy  results _ 

Sheep  No _ Pregnancy  results _ 

Group  Ail*  10'*  pfu  of  ZH»548  parent  rvfv  MV  PI) 

3  Aborted  midterm  fetus.  Pin  17 

8  Aborted  midterm  fetus.  Pin  15 

1 1  Aborted  term  fetus,  pin  5 

v-.'.  /up  B*  <1  x  10s  pku  of  ZH-548  mutagenized  rvfv.  MV 
P121 

4  Delivered  viable  twin  lambs,  Pin  39 

9  Delivered  viable  lamb,  Pin  48 

10  Delivered  viable  lamb,  Pin  59 

*  Challenge  inoculated  sc  with  1  *  10*  pfu  of  ZH-501  on 
Pin  63 

ified  by  low-speed  centrifugation,  and  stored  frozen  at  -  70  C. 
On  the  basis  of  its  higher  titer  and/or  larger  plaque  size,  1  of 
the  2  virus  clones  was  used  to  initiate  another  cycle  of  muta¬ 
genesis. 

The  1st  MRC-5  mutagenesis  passage  of  the  parent  rvfv  (MV 
PI)  and  a  12th  mutagenesis  passage  of  rvfv  (MV  P12)  were 
used.  Because  different  clones  of  rvfv  are  known  to  vary  in 
their  mouse  virulence,'-  we  used  the  1st  mutagenesis  passage 
as  the  virulent  partner  for  comparison  in  sheep,  thereby  em¬ 
phasizing  the  role  of  subsequent  mutagenization  on  attenua¬ 
tion.  The  virulence  of  these  viruses  for  4-  to  6-week-old  ICR 
Swiss  mice,  expressed  as  the  log,,,  median  lethal  dose  of  the 
mice,  was  1.8  and  a  6.3  log,,,  plaque-forming  units  (pfu)  of 
virus/median  lethal  dose  for  MV  PI  and  MV  P12,  respectively." 
The  challenge-inoculum  virus  was  a  2nd  DBS-103  cell  culture 
passage  of  ZH-501  strain  rvfv  isolated  in  Egypt  from  a  human 
being  with  fatal  hemorrhagic  fever"  and  previously  shown  to 
cause  mortality  in  laboratory  animals. ia 

Experimental  design — Six  ewes  were  housed  together  in  a  3- 
m  x  4.3-m  isolation  room  of  a  P-3"  biological  containment  fa¬ 
cility  and  were  allocated  to  2  groups  of  3  each  (Table  1).  Straw 
was  used  for  bedding,  and  ewes  were  fed  a  daily  ration  of  alfalfa 
hay  and  a  commercial  grain  mix  ration,  with  grass  hay  and 
water  provided  ad  libitum.  Base-line  physiologic  values  were 
determined  during  a  7-day  conditioning  period  before  virus  in¬ 
oculation.  Group-A  ewes  were  inoculated  sc  with  1  x  KP  pfu 
of  rvfv  MV  PI.  Group-B  ewes  were  inoculated  SC  with  1  x  HP 
PFU  of  rvfv  MV  P12.  Ewes  were  monitored  daily.  Whole  blood 
in  kdta  and  serum  were  collected  for  hematologic  examination, 
viral  isolation,  antibody  assay,  and  serum  enzyme  determina¬ 
tions.  Oral  and  rectal  swab  samples  were  obtained  for  virus 
assay.  Group-A  ewes  were  euthanatized  on  postinoculation  day 
(Pin)  28,  and  selected  tissues  and  body  fluids  were  collected  for 
viral  isolation,  neutralizing  antibody  assay,  and  histopathologic 
examination. 

Tissues  and  fluids  were  collected  from  aborted  fetuses  for  viral 
isolation,  viral  antigen  assay,  and  histopathologic  examination. 
Blood  was  obtained  from  lambs  of  the  group-B  ewes  at  birth 
and  at  daily  and  weekly  intervals  thereafter  for  rvfv  and  an¬ 
tibody  titration.  These  lambs  were  euthanatized  on  Pin  63,  and 
tissues  and  body  fluids  were  collected  for  viral  isolation,  viral 
antigen  assays,  serum  neutralizing  antibody  assay,  and  histo¬ 
pathologic  examination. 

On  Pin  63,  group-B  ewes  were  challenge  exposed  sc  with  1 
x  10"  pfu  of  ZH-501  strain  rvfv.  Clinical,  virologic,  and  im¬ 
munologic  responses  were  monitored  for  10  consecutive  days. 
Ewes  were  euthanatized,  and  specimens  were  collected  for  assay 
as  described. 

Clinical  determinations — Clinical  evaluations  and  rectal  tem¬ 
peratures  of  ewes  were  recorded  daily.  Total  and  differential 
WBC,  RHC,  hemoglobin,  pcv,  and  platelet  indices  were  obtained. 
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using  a  laser-based  hematologic  analyzer.1'  Serum  aspartate 
aminotransferase  (ast),  lactic  acid  dehydrogenase  U.u),  w- 1 
isozyme,  creatine  kinase,  y-glutamyl  transferase,  albumin,  total 
protein,  and  total  bilirubin  were  measured,  using  a  centrifugal 
chemical  analyzer  in  the  absorbance  mode. 

Specimen  preparation — Oral  and  rectal  swab  samples  for  vi¬ 
rus  assay  were  collected  from  sheep  before  virus  inoculation, 
the  day  of  inoculation,  and  on  pm  1  through  10.  Swabs  were 
immersed  in  1  ml  of  Hanks’s  balanced  salt  solution  ihbss),  pH 
7.2,  containing  0.757?  bovine  serum  albumin  (fraction  V)  and 
antibiotics  (200  U  of  penicillin  and  200  pg  of  streptomycin  sul¬ 
fate/ml). 

Serum  for  virus  and  antibody  assays  and  plasma  for  virus 
assay  were  harvested  from  whole  blood  collected  via  jugular 
venipuncture  and  stored  at  -  70  C.  Buffy  coat  and  rbc  fractions 
of  whole  blood  were  washed  3  times  in  HBSS,  diluted  1:5  in  hbss 
containing  2 7?  heat-inactivated  fetal  bovine  serum  and  anti¬ 
biotics,  and  stored  at  -  70  C  until  assayed  for  virus.  Cerebro¬ 
spinal  fluid  was  harvested  at  necropsy  by  aspiration  with  a 
needle  and  syringe  through  the  foramen  magnum  and  was  stored 
at  -  70  C  until  assayed  for  rvfv  and  neutralizing  antibody. 

Necropsies  were  performed  on  all  ewes  and  lambs.  Tissues 
were  fixed  in  neutral -buffered  10  c/t  formalin  and  were  processed 
for  histopathologic  examination.  Tissue  specimens  also  were 
embedded  in  a  compound, d  frozen  at  -  70  C,  sectioned  at  5  pm 
in  a  freezing  microtome,  fixed  in  acetone,  and  stained  by  stan¬ 
dard  direct  fluorescent  antibody  (dfa)  staining  techniques.  Sus¬ 
pensions  (1071,  w/v)  of  selected  tissues  were  prepared  in  hbss 
containing  antibiotics,  homogenized  with  tissue  grinders,'  clar¬ 
ified  by  centrifugation  at  800  x  g  for  30  minutes,  and  stored 
frozen  at  -  70  C  until  assayed  for  virus  or  viral  antigen. 

Viral  plaque  assay — Viral  isolation  from  specimens  was  con¬ 
ducted  in  monolayers  of  Vero  cells  established  in  24-well,  plastic 
tissue  culture  plates/  Serial  10-fold  dilutions  of  each  specimen 
were  prepared  in  hbss,  and  50  ;■!  ,>f  each  dilution  was  adsorbed 
on  duplicate  cell  monolayers  for  1  hour  at  37  C  and  was  overlaid 
with  0.5  ml  of  a  mixture  of  1  part  17?  agarose*  and  1  part  2x 
Eagle’s  basal  medium  with  Earle’s  salts,  17  mM  hepes,  87? 
heat- inactivated  bovine  serum,  100  U  of  penicillin/ml.  and  100 
pg  of  streptomycin  sulfate/ml.  After  incubation  for  72  hours  at 
37  C  in  a  5 7?  CO^  atmosphere,  each  cell  monolayer  was  stained 
by  adding  0.5  ml  of  a  second  overlay,  identical  to  the  first,  but 
containing  1:9,000  neutral  red  stain.  After  an  additional  24  hours’ 
incubation,  plaques  were  counted,  and  viral  titers  were  calcu¬ 
lated. 

Plaque-reduction  neutralization  test  (PRNT) — Serial  4-fold 
dilutions  of  sera  and  csf  were  prepared  in  hbss.  An  equal  vol¬ 
ume  of  ZH-501  strain  of  rvfv  suspension  containing  80  to  100 
pfu  was  added  to  each  specimen  dilution.  After  incubation  at 
37  C  for  1  hour,  50  pi  of  each  dilution  was  inoculated  into  each 
of  2  Vero  cell  monolayers.  The  serum-virus  mixture  was  ad¬ 
sorbed  for  1  hour  at  37  C  and  was  overlaid  with  0.5  ml  of  the 
agarose-medium  mixture  used  in  the  viral  assay.  After  72  hours’ 
incubation  at  37  C  in  a  597  CO,  atmosphere,  each  cell  monolayer 
was  inoculated  with  0.5  ml  of  a  2nd  agarose  overlay  containing 
neutral  red  dye.  Plaques  were  counted,  as  described.  An  807; 
reduction  in  the  number  of  plaques  was  used  as  the  end  point 
for  virus-neutralization  titers  (PRNT80). 

RVFV  enzyme-linked  immunosorbent  assay  < ELISA )-  -A  dou¬ 
ble-antibody  elisa"  was  used  to  detect  rvfv  antigen  in  109 

h  ELT-8ds.  Ortho  Diagnostic  Systems.  Westwood.  Mass 
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Fig  1 — Mean  rectal  temperatures  of  parent  rvfv  (MV  PI )  and  mutagenized 
rvfv  (MV  P12)-inoculated  ewes. 


tissue  homogenates  from  aborted  fetuses.  Microtitration  plates 
were  read  spoctrophotometrically  at  405  nm,  and  samples  were 
considered  positive  if  their  optical  density  was  greater  than  the 
mean  background  value  plus  3  sn. 

Mosquito  infection  studies — Female  Culcx  pipiens  from  a  col¬ 
ony  derived  from  specimens  collected  in  the  Sharqiya  Governate 
of  Egypt  in  1981  were  used.'  These  mosquitoes  were  susceptible 
to  infection  with  rvfv.1"  Approximately  50  mosquitoes  in  a  0.5- 
L  cardboard  container,  with  netting  over  one  end,  were  applied 
to  the  shaved  flank  area  of  each  sheep  at  about  24,  48,  and  72 
hours  after  the  sheep  had  been  inoculated  with  virus.  After  the 
feeding  period,  engorged  mosquitoes  were  removed,  placed  in 
another  0.5-L  container,  and  stored  in  an  incubator  maintained 
at  26  t-  ic  with  a  16-hour  photophase.  An  oviposition  dish 
was  provided  3  days  later."17  Each  group  of  mosquitoes  that 
fed  on  the  sheep  was  allowed  to  refeed  on  anesthetized  golden 
Syrian  hamsters  7  to  8  days  after  the  initial  blood  meal.  After 
this  meal,  each  mosquito  was  individually  triturated  in  1  ml  of 
diluent  (10 ri  calf  serum  in  medium  199  with  Hanks’=  salts 
antibiotics,  and  0.075 c/i  NaHCO,)  and  was  frozen  at  -  70  C  until 
assayed  for  virus  by  plaque  assay  on  Vero  cell  monolayers.  A 
portion  of  liver  from  each  hamster  that  died  after  mosquito  feed¬ 
ing  was  assayed  for  rvfv.  The  correlation  of  mosquito  infection 
with  sheep  viremia  was  determined  by  Spearman’s  rank  cor¬ 
relation.1’' 


Results 

Clinical  response — After  inoculation  with  rvfv  MV  PI, 
group-A  ewes  experienced  viremia  and  mild  clinical  dis¬ 
ease  with  pyrexia  (Fig  1),  hyperemia  of  mucous  mem¬ 
branes,  lethargy,  and  abortion.  Virus  titers  of  2.4  to  5.6 
log,,,  I’Ft:  ml  of  serrm  were  detected  in  all  3  ewes  (Fig  2). 
Neutralizing  antibody  to  RVFV  was  first  detected  on  i’ll) 
4  or  5,  and  titers  increased  to  a  1:1,280  by  Pin  14  (Fig 
2).  By  Pin  17,  all  3  ewes  aborted  fetuses  in  varying  stages 
of  postmortal  decomposition  (Table  1). 

Group-B  ewes  inoculated  with  MV  P12  did  not  become 
clinically  ill  or  abort,  but  did  experience  low  and  tran¬ 
sient  viremias.  Rift  Valley  fever  virus  was  not  detected 
in  serum  samples,  but  low  viremia  titers  of  0.7  to  1.4  log,,, 
PFP  ml  were  detected  in  the  plas:,ui  fraction  of  group-B 
;v..  -  on  i  in  1.  l  he  RVFV-neutralizing  antibody  was  de¬ 
tected  at  Pin  4  to  6  and  increased  to  titers  of  1:320  by  Pin 
14  (Fig  3).  Group-B  ewes  delivered  healthy,  viable  lambs 
on  Pin  39.  48.  and  59.  At  birth,  these  lambs  had  no  de- 
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Fig  2 — Viremia  and  antibody  titers  of  parent  rvfv  (MV  Pi  )*inoculated  ewes. 
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Fig  3 — Viremia  and  antibody  titers  of  mutagenized  rvfv  (MV  P12)-inocu- 
lated  ewes.  •  ewe  4;  ewe  9:  and  A  :  ewe  10. 


TABLE  2— Ewe  colostral  and  'amb  serum  antibody  titers 

Lamb  No. 


Specimen 

4  A 

4B 

9  A 

10A 

Colostrum 

320 

320 

1.280 

320 

Parturition ' 

Hi 

•  10 

•  10 

•  10 

Post  pa  i  turn- 

1 H0 

80 

80 

160 

Blood  collected 

at  birth  before 

nursing. 

■  Blood  collected 

n  days  after 

parturition. 

Data  are  <  \p»  jssi 

J  us  tVi  iprocui 

of  piuijut 

nauti.w  *vutra 

li/at  ion  80'  i 

antibody  titer.  Lamb  No.  identifies  ewe  and  letter  designates  tier  respec¬ 
tive  lamb  nr  lambs. 
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tectable  antibody  to  rvfv,  and  virus  was  not  recovered  ^ 
from  serum  or  placental  membranes  and  fluids.  All  lambs  j 

nursed  after  birth,  and  bv  day  5,  each  lamb  had  a  serum  '  I 
PRNT80  titer  of  1:80  to  rvfv.  The  colostrum  of  all  —  -  -* 

group-B  ewes  had  PRNT8Q  "’tors  oi  -  1:320  at  parturi-  - - - 

tion  (Table  2).  Lambs  were  euthanatized  at  5  to  24  days_ _ _ 

of  age. 

The  RVFV-neutralizing  antibody  was  detected  in  CSF 

collected  at  necropsy  from  3  ewes  infected  with  parent  '*3?® _ 

virus  (Table  3).  Rift  Valley  fever  virus  neutralizing  an- ir 
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TABLE  3 — Comparison  of  neutralizing  antibody  titers  in  serum  and  csf 
collected  at  necropsy 


Specimen 

Group-A  ewes  <MV  PD 

Group-B  ewes  (MV  P12> 

3 

8 

11 

4 

9 

10 

Serum 

5,120 

1,280 

2,560 

5.120 

5,120 

5,120 

CSF 

80 

20 

80 

20 

80 

-  10 

Serum/csF  ratio 

64 

64 

32 

256 

64 

^  5.120 

Data  are  expressed  as  reciprocal  of  plaque-reduction  neutralization  80#  anti¬ 
body  titer. 


tibody  was  not  detected  in  the  CSF  of  lambs  from  group- 
B  ewes. 

Group-A  ewes  were  euthanatized  on  pid  28,  and  virus- 
specific  gross  or  histologic  lesions  were  not  noticed.  Their 
fetuses  were  all  aborted  in  varying  stages  of  postmortem 
autolysis,  and  virus-specific  lesions  were  not  observed  in 
the  fetuses.  Virus-specific  lesions  also  were  not  observed 
in  the  group-B  ewes  or  in  their  lambs. 


Clinical  hematologic  and  serum  enzyme  analyses — On 
pid  1,  group-A  ewes  had  WBC  counts  of  3  to  4.5  x  103 
cells/dl.  Values  returned  to  within  base-line  values  (7  to 
9  x  103  cells/dl)  by  PID  4,  except  for  ewe  11  that  had  a 
wbc  count  that  decreased  to  1.4  x  103  cells/dl  on  pid  2 
and  gradually  returned  to  baseline  by  PID  10.  Absolute 
lymphopenia  coincided  with  leukopenia.  Mean  lympho¬ 
cyte  counts  decreased  from  5.5  x  103  cells/dl  at  the  time 
of  virus  inoculation  to  1.1  x  10;i  cells/dl  at  pid  2.  Other 
hematologic  values  remained  within  base-line  limits.  Ewe 
11.  which  aborted  on  PID  5,  had  increased  AST,  y-glutamyl 
transferase,  and  LD  values  on  PID  2  through  10  (Fig  4). 
Except  for  a  transient  increase  in  serum  AST  values  in 
ewe  3  and  serum  creatine  kinase  values  in  ewe  8,  serum 
enzymes  of  ewes  3  and  8  that  aborted  later  did  not  deviate 
markedly  from  their  baselines.  The  increased  LD  values 
of  ewe  11  were  the  result  of  an  increased  LD-1  fraction. 
In  contrast,  after  MV  P12  virus  inoculation,  hematologic 
and  serum  enzyme  values  for  all  group-B  ewes  remained 
within  base-line  limits. 


Virus  isolation — The  rvfv  was  isolated  from  all  ewes. 
At  least  1  isolate  from  each  ewe  and  abortus  was  iden¬ 
tified  as  rvfv  by  rvfv  fluorescent-antibody  staining.  Vi- 
remia  was  not  detected  beyond  PID  4.  Serum  and  plasma 
virus  titers  were  usually  equal;  however,  on  several  oc¬ 
casions,  low  viremia  titers  (<  2.5  log,,,  PFU/ml)  were  de¬ 
tected  in  the  plasma  fraction  of  EDTA-treated  whole  blood, 
but  could  not  be  recovered  from  serum  collected  at  the 
same  blood  collection.  Virus  also  was  isolated  from  cel¬ 
lular  blood  fractions,  but  only  when  rvfv  was  detected 
in  serum.  Virus  was  not  recovered  from  oral  or  rectal 
swab  samples  collected  through  PID  10  or  from  tissues 
collected  from  the  ewes  at  necropsy. 

High  virus  titers  were  present  in  organs  and  whole  blood 
collected  from  the  fetus  aborted  by  ewe  11  (Table  4).  Virus 
was  not  isolated  from  tissues  of  the  other  abortuses,  ex¬ 
cept  from  cotyledons  from  ewe  3.  The  ELISA  seemed  to 
have  greater  sensitivity  in  detecting  rvfv  antigen  in  10% 
tissue  luniogcnatcs  than  did  DFA  ataiui-.g  sectioned 
tissues. 

Assays  of  identical  tissues  from  lambs  bom  to  the  group- 
B  ewes  revealed  no  evidence  of  viral  antigen  by  dfa  or 
ELISA.  As  described,  lambs  from  group-B  ewes  had  no  de¬ 
tectable  viremia  at  birth  or  thereafter,  and  virus  was  not 
isolated  from  their  tissues  at  necropsy. 
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Of  100  mosquitoes  that  fed  on  the  MV  Pl-inoculated 
ewes,  19  became  infected,  whereas  none  of  32  mosquitoes 
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TABLE  4 — Virus  detection  by  isolation  (vt),  direct  fluorescent  antibody  (dfa)  staining,  and  elisa  in 


m 


1 

i 


Tissue 

Fetus  3 
(pm  17) 

Fetus  S 
(pm  15) 

Fetus  1 1 
(Pin  5) 

vt* 

DFA* 

ELISA 

VT* 

t)KAt 

ELISA 

VT* 

DFA 

ELISA 

Liver 

<  1.4 

± 

Pos 

<  1.4 

Pos 

2.3 

+ 

Pos 

Cerebrum 

<.  1.4 

- 

Pos 

<  1.4 

- 

Pos 

6.0 

4- 

Pos 

Placenta 

<  1.4 

Pos 

<  1.4 

- 

Pos 

5.1 

+- 

Pos 

Cotyledon 

4.8 

+ 

Pos 

<  1.4 

- 

Pos 

5.5 

Pos 

Whole  blood 

NA 

NA 

NA 

<  1.4 

ND 

Pos 

7.1 

+ 

Pos 

*  Data  are  expressed  as  log,0  PFU/g  of  tissue,  +  Tissues  were  macerated  and  difficult  to  interpret. 
na  =  not  available,  no  =  not  done.  -  =  negative  +  -  positive  ( elisa  optical  density  at  405  nm  greater 
than  mean  background  value  plus  3  so;  DKA-specific  immunofluorescence  observed).  ♦  -  questionable.  Pos  -■ 
positive  reaction. 


feeding  on  the  MV  P12-inoculated  ewes  became  infected. 
The  group  of  mosquitoes,  all  of  which  were  infected,  which 
fed  on  ewe  11  at  48  hours  and  the  group  of  16  mosquitoes, 
only  one  of  which  was  infected,  which  fed  on  ewe  8  at  72 
hours  transmitted  virus  to  hamsters.  Viral  titers  of  in¬ 
fected  mosquitoes  were  10*  to  105  (mean  =  103-2)  PFU/ 
mosquito.  There  was  significant  correlation  (P  <  0.01;  r 
=  0.8,  Spearman’s  rank  correlation  coefficient)  between 
mosquito  infection  and  sheep  viremia.  For  example,  at  48 
hours’  inoculation,  none  of  27  mosquitoes  that  fed  on  ewe 
8  (1.6  logU)  PFU/ml  of  serum),  9  of  12  that  fed  on  ewe  3 
(4.0  log10  PFU/ml  of  serum),  and  all  6  that  fed  on  ewe  11 
(5.6  Ioglu  PFU/ml  of  serum)  became  infected. 

Postchallenge  exposure  response — At  pid  63,  group-B 
ewes  were  inoculated  SC  with  1  x  106  PFU  of  ZH-501 
strain  rvfv  and  were  monitored  for  10  consecutive  days. 
Clinical  illness,  pyrexia,  or  viremia  was  not  detected  in 
these  sheep.  Serum  neutralizing  antibody  titers  to  RVFV 
in  all  ewes  increased  from  1:80  to  1:160  to  1:5,120  by 
postchallenge  exposure  day  10,  when  ewes  ere  euthana¬ 
tized.  Because  of  logistic  constraints,  nonvaccinated  con¬ 
trol  sheep  were  not  included  in  this  phase  of  the  study. 

Discussion 

Immunization  of  susceptible  hosts  to  RVFV  serves  a  2- 
fold  purpose  by  limiting  the  devastating  impact  of  rvf  on 
domestic  livestock  production  and  preventing  the  infec¬ 
tion  of  additional  vectors,  thus  reducing  the  risk  of  hu¬ 
man  and  animal  infection.  Conventional  killed  and 
modified-live  virus  vaccines  are  effective  in  providing  a 
defense  against  rvf,  but  each  has  practical  or  theoretic 
disadvantages."  Chemical  mutagen-induced  attenuation 
of  the  virulence  properties  of  a  virus  may  provide  a  novel 
alternative  in  vaccine  development.  However,  the  prob¬ 
ability  of  reversion  to  virulence  must  be  determined. 

The  ovine  fetus  is  highly  susceptible  to  rvf  infection, 
with  abortion  rates  in  infected  pregnant  ewes  approach¬ 
ing  100%. 19  Consequently,  inoculation  of  RVF-susceptible 
pregnant  ewes  is  a  stringent  test  of  the  degree  of  atten¬ 
uation  of  rvfv  vaccine  candidates.  Seemingly,  the  seri¬ 
ally  mut.agenized  ZH-548  strain  rvfv  used  in  the  present 
study  had  greatly  leduced  pathogenicity  in  2  pregnant 
ewes,  was  nonabortogenic,  and  protected  those  ewes  against 
subsequent  challenge  exposure  with  virulent  ZH-501  strain 
rvfv.  Because  sheep  that  develop  serum-neutralizing  an¬ 
tibody  titers  of  a  20  after  vaccination  with  an  inactivated 
rvfv  vaccine  may  be  resistant  to  challenge  exposure  with 
virulent  rvfv,2"  21  the  lack  of  control  ewes  was  not  con¬ 
sidered  critical  to  this  phase  of  the  study. 


Clinical  features  of  rvfv  infection  in  the  ewes  infected 
with  the  parent  rvfv  ZH-548  were  characterized  by  early 
lymphopenia  and  viremia  coincident  with  the  febrile  pe¬ 
riod,  the  appearance  of  neutralizing  antibody  in  conjunction 
with  termination  of  viremia,  and  abortions.  During  the  brief 
febrile  period,  ewes  seemed  depressed  but  were  not  anorec¬ 
tic  and  had  hyperemia  of  mucous  membranes.  The  appar¬ 
ent  increased  susceptibility  of  ewe  11  to  parent  virus 
infection,  evidenced  by  a  higher  and  more  prolonged  vire¬ 
mia,  more  pronounced  lymphopenia,  abnormal  serum 
chemical  values,  and  an  earlier  abortion  than  that  in  the 
2  other  ewes  in  that  group  may  be  similar  to  differences 
seen  in  inbred  rat  strains  in  which  resistance  seems  to  be 
determined  by  a  single  Mendelian  dominant  gene.3 12  The 
rvfv  was  recovered  from  all  tissues  examined  from  the 
earlier  abortus,  with  high  viral  titers  detected  in  whole 
blood,  placental  cotyledons,  and  cns  tissue.  Advanced  au¬ 
tolysis  probably  accounted  for  the  inability  to  recover  virus 
or  detect  antigen  by  DFA  in  tissues  from  the  late  abortions, 
but  did  not  prevent  antigen  detection  by  ELISA.  Further 
studies  are  required  to  standardize  and  evaluate  this  rapid 
assay  system  under  field  situations  in  which  RVFV  infection 
is  suspected,  but  tissues  are  so  badly  deteriorated  that  vir¬ 
ulent  virus  can  no  longer  be  isolated.  Results  of  dfa  stain¬ 
ing  were  similar  to  results  of  virus  isolation. 

The  detection  of  CSF  neutralizing  antibody  in  all  group- 
A  ewes  and  in  2  group-B  ewes  may  represent  antibody  of 
CNS  origin  in  response  to  virus  replication  in  the  brain,12 
in  vivo  leakage  of  serum  antibody  because  of  virus-re¬ 
lated  vasculitis,22  or  perhaps  serum  contamination  at  the 
time  of  collection,  although  each  CSF  specimen  was  col¬ 
lected  with  no  evidence  of  gross  blood  contamination.  Evi¬ 
dence  of  encephalitis  or  retinal  complications  was  not 
noticed  by  clinical  examination  during  life  or  postmortem 
histologic  examination. 

On  5  occasions,  virus  was  isolated  from  plasma  and  not 
serum  from  both  groups  of  ewes  when  virus  titers  were 
low.  If  this  strain  of  rvfv  was  predominantly  plasma  as¬ 
sociated,  higher  virus  titers  would  be  expected  in  plasma 
than  in  serum,  but  this  was  not  the  case.  With  the  ex¬ 
ception  of  those  times  when  virus  was  isolated  from  plasma 
alone,  the  serum  and  plasma  virus  titers  were  equivalent. 

The  parc:if  rvfv  was  capable  of  inducing  viremia  titers 
high  enough  to  infect  mosquitoes,  a>nd  some  of  these  mos¬ 
quitoes  did  transmit  virus  to  susceptible  hamsters.  These 
data  also  may  indicate  that  viremia  induced  by  the  mu- 
tagenized  virus  does  not  reach  titers  high  enough  to  infect 
C  pipiens. 

Generally,  by  gestation  day  100,  the  fetal  lamb’s  im¬ 
mune  system  will  generate  an  antibody  response  to  sev- 
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eral  mammalian  viruses  if  infected  in  utero,"  Group-B 
ewes  were  inoculated  with  mutagenized  virus  approxi¬ 
mately  on  gestation  day  90  to  110,  yet  all  4  lambs  were 
seronegative  for  RVKV  at  birth,  indicating  that  there  was 
no  in  utero  virus  contact.  By  the  5th  day  of  life,  the  lambs 
had  appreciable  serum  antibody  values,  presumably  a  re¬ 
sult  of  passive  transfer,  because  their  dams’  colostral  an¬ 
tibody  titers  were  a  1:320  and  all  lambs  nursed  within  3 
hours  after  parturition. 

Although  numbers  in  each  group  were  small,  the  uni¬ 
formity  of  results  in  each  group  indicates  that  this  mu¬ 
tagenized  strain  of  RVKV  may  offer  a  means  of  effectively 
immunizing  pregnant  ewes  to  rvfv  without  abortogenic 
effects.  In  utero  protection  by  this  vaccine  to  RVF  infection 
remains  to  be  evaluated.  Although  minimal  antibody  ti¬ 
ters  ( a  1:20)  may  be  sufficient  to  protect  the  ewe,  but  not 
the  fetus,-'  the  higher  neutralizing-antibody  titers  (a  1:80) 
induced  by  MV  P12  may  be  adequate  to  afford  full  pro¬ 
tection  to  both. 

References 

1  Weiss  KE.  Rift  Valley  fever:  a  review.  Bull  Epizoot  Dis  Afr 
1957:5:4:11-458. 

2.  Easterdav  BC.  Rift  Valley  fever.  A  dr  Vet  Sci  1965:10:65-127. 

:j.  Peters  C’j.  Meegan  JM.  Rift  Valley  fever.  In:  Beran  GW,  ed.  CRC 
handbook  series  of  zoonoses.  Sec  B.  Boca  Raton,  Fla:  CRC  Press  Inc, 
1981:40:3—430. 

4.  Meegan  JM,  Hoogstral  H,  Moussa  Ml.  An  epizootic  of  Rift  Valley 
fever  virus  in  Egypt  in  1977.  Vet  Rec  1979:105:124-125. 

5.  Shape  RE,  Peters  CJ.  Davies  FG.  The  spread  of  Rift  Valley  fever 
and  approaches  to  its  control.  Bull  WHO  1982:60:299-304. 

6.  Assad  F,  Davies  FG,  Eddy  GA,  et  al.  The  use  of  veterinary  vac¬ 
cines  for  prevention  and  control  of  Rift  Valley  fever:  memorandum  from 
a  WHO  FAO  meeting.  Bull  WHO  1983;61:261-268. 

7.  Coetzer  JAW.  Barnard  JH.  Hydrops  amnii  in  sheep  associated 
with  hydranencephaly  and  arthrogryposis  with  Wesselbron  disease  and 
Rift  Valiev  fever  viruses  as  aetiological  agents.  Onderstepoort .}  Vet  Res 
1977:44: 1 19-126. 

8.  Eupton  HW.  Peters  CJ,  Eddy  GA.  Rift  Valley  fever:  global  spread 
or  control?  Proe  Atinu  Meet  US  Anim  Health  Assoc  1983;86:261-275. 


Am  J  Vet  Res,  Vol  48,  No.  7,  July  1987 


9.  Shimahc-.y  A.  Barzilai  R.  Rift  Valiev  fever.  Ade  Vet  Sci  Comp 
Med  1983:27:347-425. 

10.  Clewley  JP.  Bishop  1)HE.  Assignment  of  the  large  oligonucleo¬ 
tides  of  vesicular  stomatitis  virus  to  the  N.  NS.  M.  G  and  L  genes  and 
oligonucleotide  gene  ordering  within  the  1.  gene  J  Virol  1979:30:116- 
123. 

1 1.  Caplen  H,  Peters  CJ.  Bishop  DHL.  Mutagen-directed  attenuation 
of  Rift  Valiev  fever  virus  as  a  method  for  vaccine  development  J  (ten 
V-rol  1985;66:2271-2277. 

12.  Peters  CJ,  Anderson  GW  Jr.  Pathogenesis  of  Rift  Valley  fever 
In:  Klingsberg  MA,  ed.  Contributions  to  epidemiology  and  biostatistics. 
Vol  3.  Basel.  Switzerland:  S  Karger  Press.  1981:21-41. 

13.  Centers  for  Disease  Control  and  National  Institute  of  Health. 
Biosafety  in  microbiological  a:;  '  biomedical  !abc~~d:~r;cz.  ’ at  cd.  US  De¬ 
partment  of  Health  and  Human  Services.  Public  Health  Services.  1984:74, 
89. 

14.  Niklasson  B,  Grandien  M.  Peters  CJ.  et  al.  Detection  of  Rift  Val¬ 
ley  fever  virus  antigen  by  enzvme-linked  immunosorbent  assav.  •/  Clin 
Microbiol  1 983;  1 7: 1026-1031 .’ 

15  Gargan  TP  II.  Bailey  CL,  Higbee  GA,  et  al.  The  effects  of  labo¬ 
ratory  colonization  on  the  vector-pathogen  interactions  of  Egyptian  Cu- 
lex pipiens  and  Rift  Valiev  fever  virus.  Am  .J  Trap  Med  H\g  1983:32:1 154- 
1163. 

16.  Turell  MJ,  Gargan  TP  II.  Bailey  CL.  Replication  and  dissemi¬ 
nation  of  Rift  Valley  fever  virus  in  Cutcx  pipiens.  Am  J  Trop  Med  Hvg 
1984;33:176-181. 

17.  Turell  MJ,  Rossi  CA,  Bailey  CL.  Effect  of  extrinsic  incubation 
temperature  on  the  ability  of  Aedes  taeniorhynchus  and  Culex  pipiens 
to  transmit  Rift  Valiev  fever  virus.  Am  J  Trop  Med  Hvg  1983:34:121 1- 
1218. 

18.  Colton  T.  Statistics  in  medicine.  Boston:  Little.  Brown  &  Co.  1974. 

19.  Luplon  HW.  Peters  CJ.  Rift  Valiev  fever.  Proe  Anna  Meet  US 
Anim  Health  Assoc  1984;87:279-290. 

20.  Yedloutschnig  RJ.  Dardiri  AH.  Walker  JS.  et  al.  Immune  re¬ 
sponse  of  steers,  goats  and  sheep  to  inactivated  Rift  Valley  fever  vac¬ 
cine,  Proe  Annu  Meet  US  Anim  Health  Assoc  1979;83:253  -260. 

21.  Harrington  DG,  Lupton  HW.  Crabbs  CL.  et  al.  Evaluation  of  a 
formalin-inactivated  Rift  Valiev  fever  vaccine  in  sheep  Am  J  Vet  Res 
1980:41:1559-1564. 

22.  Siam  AL.  Meegan  JM.  Gharbaw  KK.  Rift  Valley  fever  ocular 
manifestations:  observations  during  the  1977  epidemic  in  Egypt.  Br  J 
Ophthalmol  1980:64:366-374. 

23.  Tizard  I.  An  introduction  to  veterinary  immunology.  2nd  ed.  Phil¬ 
adelphia:  WB  Saunders  Co.  1982. 


m 


